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A TRANSONIC INVESTIGATION OF CHANGING INDENTATION DESIGHN
MACH NUMBER ON THE AERODYNAMIC CHARACTERISTICS OF
A 45° SWEPTBACK-WING—BODY COMBINATION
DESIGNED FOR HIGH PERFORMANCE®

By Donald L. Loving
SUMMARY

The effects of changing indentation design Mach number on the aero-
dynamic characteristics of a 45° sweptback-wing—body combination designed
for high performance have been investigated at Mach numbers from 0.80 to
1.13 in the Langley 8_foot transonic tunnel and at a Mach number of 1.43
in the Langley 8-foot transonic pressure tunnel. The Reynolds number
of the investigation covered the range from approximately 2.5 X 106
to approximately 3.0 X lO6 based on the mean aerodynamic chord of the
wing. The h5° sweptback wing with camber and a thickened root was tested
at O° angle of incidence on an unindented body and on bodies indented
for Mach numbers M of 1.0, 1.2, and 1.4. Transonic and supersonic
area rules were used in the design of the indented bodies. Theoretical
zero-1lift wave drag was calculated for these wing-body combinations. A
-2° angle of incidence of the wing, and M = 1.4 revised body indenta-
tion, and fixed transition also were investigated.

Experimental values of sero-1ift wave drag for the indented-body
combinations followed closely the area-rule concept in that the lowest
zero-11ft wave-drag coefficlent was obtained at or near the Mach number
for which the body of the combination was designed. Theoretical values
of zero-lift wave drag were considered to be in good agreement with the
experimental results. At a given supersonic Mach number the highest
values of maximum lift-drag ratio for the various combinations also were
obtained at or near the Mach number for which the body of the combination
was designed. At Mach numbers of 1.0, 1.2, and 1.43, the maximum 1ift-
drag ratios were 15.3, 13.0, and 9.2, respectively. The use of an angle
of incidence of -2° for the wing in combination with the M = 1.2 body
increased the zero-lift wave drag and decreased the maximum lift-drag
ratio. All configurations maintained stable characteristics up to the
highest 1ift coefficilent of the investigation (CL ~ 0.5).

*
Supersedes recently declassified NACA RM L55JOT7, 1956.



INTRODUCTION

A sultable wing-body combination which will exhibit high values of
maximum lift-drag ratio at high subsonic speeds and lowest possible drag
at supersonic speeds at moderate 1lift cond-.tions is of prime importance
in the design of airplanes capable of high subsonic cruise and superscnic
bursts. Many detailed studies have been undertsken with the purpose of
providing basic information for the design of such a high-performance
wing-body combination. The use of body indentation according to the
transonic area rule of reference 1 has resulted in large reductions in
wave drag especially at a Mach number of 1.0. A concept was developed
in reference 2 which also qualitatively interrelated the zero-lift wave
drag of wing-body combinations at moderate supersonic speeds with axial
distributions of cross-sectional areas. Treoretical and experimental
studies of the application of the supersonic area rule to the reduction
of drag of unswept wings have been presented in such references as 3,

4, and 5.

The object of the present investigaticn was to determine the effect
of changing the indentation design Mach nuwber (that is, shaping the
bodies for several different Mach numbers) on the aerodynamic character-
istics of a sweptback-wing—body combination designed to exhibit the type
of high performance desired for high subsonic cruise and supersonic
bursts. An unindented body and a series of indented bodies designed for
Mach numbers of 1.0, 1.2, and 1.4 were used. A 459 sweptback wing was
especlally designed for this investigation -o have high-performance
characteristics when used in combination wish the various bodies and
also to have good pitching-moment and struc-ural characteristics. This
wing was tested primarily at an angle of in-:idence of 0°,

Other parts of the test program includ:d the use of the wing at an
angle of incidence of -2° in combination wi-h the body indented for a
Mach number of 1.2, a Mach number 1.4 revised body indentation, and
fixed transition on all configurations.

SYMBOLS

a mean-line designation, fraction of chord from leading edge
over vwhich design load is unitorm

b wing span

c wing chord measured parallel to plane of symmetry

ol

mean aerodynamic chord measured parallel to plane of symmetry,

b/2
2 2
S Jf cedy
0

O O\ H



o0 OV B

(L/D) pax

Mach number

free-stream dynamic pressure, %pV2

total wing area

velocity in undisturbed stream

body stationm, distance from nose of body
angle of attack of body center line

angle of incldence of wing relative to body center line

mass density in undisturbed stream

11ft coefficient, Lift/aS

1ift-curve slope, averaged over & 1ift-coefficlient range
from -0.05 to 0.3

drag coefficient, Drag/qS

drag coefficient at a = o°

zero-1ift drag coefficient, Zero-1ift drag/qS

zero-1ift drag coefficient at a given Mach number

zero-1ift wave-drag coefficient, CDoM - CD°M=O 8

incremental zero-1lift wave-drag coefficient,

A0 - ACp )
( Dofixed transition Opnatural transition

minimum drag coefficient, Minimum drag/qS

maximum lift-drag ratio

pitching-moment coefficient about 25 percent chord of mean
serodynemic chord, Pitching moment/qS¢



SCm/BCL pitching-moment-curve slope, averaged over g lift-coefficient
range from -0.05 to 0.3

$) roll angle of axis of tilt of Mech Planes around the center
line of the various configurations, zero when Mach planes
cut in vertical direction

DESIGN OF WING-BODY COMBINATIONS

Details of the wing-body combinations iavestigated are shown in
figure 1. The wing has 45° sweepback of the 0.25-chord line, an aspect
ratio of 4, and a taper ratio of 0.15, and i: cambered for a design 1ift
coefficient of 0.2. At the root g streamwise NACA 64A206, a =0 air-
foil section was used. Streamwise NACA 644203, g - 0.8 (modified)
alrfoil sections were used from 50-percent semispan to the tip as shown
in figure 1, Straight-line elements were used in fairing the wing
sections from the root to 50-percent semispar. The ordinates of the
wing sections are listed in table I. The wirg, constructed of steel,
was mounted in g midwing position on g sting-supported body for all test
configurations.

Wing

The wing of the combinations has been deisigned to have low drag
assoclated with 1ift at subsonic and moderate supersonic speeds, low
wave drag when used with an indented body for a range of transonic and
moderate supersonic speeds, relatively good p:tching-moment character-
istics, and good structursl characteristics.

The quarter-chord line was swept back in order to have low drag
assoclated with 1ift angd also to have high effectiveness of indentation
by insuring that the leading edge would be swept behind Mach lines at
moderate supersonic Speeds. In a previous investigation (ref. 2), a
600 sweptback wing was designed on the same basic assumptions. This
60° sweptback wing, however, exhibited extremely unfavorasble pitching-
moment characteristics which, to date, have no: been alleviated suffi-
ciently to make it g practical airplane component. The sweepback of the
Present wing, therefore, was limited to 459 to assure more favorable
pitching-moment characteristics. Tt has been :ndicated in reference 2
that, for Obtaining smooth area distributions e.nd reductions in wave
drag at supersonic Speeds, the body for the bect wing-body compromise
should be indented and the wing thickness ratic should be decreased from
the root outboard. Consequently, the thickness ratio of the bresent wing
varies from 6 percent at the root to 3 percent from the midsemispan to
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the tip. This taper in thickness also permits better structural design
of the wing. Other studies of the effect of thickness ratio have been
presented in references 6 and 7. The taper ratio of 0.15 was selected
to reduce the severity of pitch-up tendency at lifting conditions (see
ref. 8) and also to improve the structural characteristics of the wing.
An aspect ratio of L4 was considered a suitable compromise for obtaining
high 1lift-drag ratios and high-performance characteristics at transonic
speeds. Generally, camber has been shown to lmprove subsonic and super-
sonic performance. (See refs. 9, 10, and 11.) The entire chords in the
present wing were cambered since it has been found that this method is
highly effective in improving the lift-drag ratio. A mean line of a =0
was used at the root so that the camber near the leading edge when used
in combination with an indented body could take better advantage of the
upflow around the body. It was believed that the leading edge of the
wing could be lined up better with the streamlines in the upflow than
for a symmetrical airfoil section. In this manner, the strength of the
compression shock on the lower surface at the leading edge of the wing
would be weaker, a peak pressure on the upper surface at the leading edge
with its accompanying adverse pressure gradlent would be less evident,
and laminar flow in the boundary layer on the upper surface would be
extended in a chordwise direction - all tending to produce a lower drag
at moderate 1ifting conditions. A mean line of a = 0.8 (modified) was
used for the outboard sections in order to maintain a more uniform dis-
tribution of load both spanwise and chordwlse.

As has been stated previously, the wing was tested primarily at an
angle of incidence of 0°. 1In one instance, however, the wing was tested
at an angle of incidence of -2° in combination with an indented body.

An improvement in the drag characteristics of a similar wing-body config-
uration has been reported in reference 11. For these conflgurations,

when the wing was at an angle of attack of 09, the body was inclined at

an angle of attack of 2°. In the present investigation it was assumed
that the inboard stations of the cambered wing would operate in an
increased upflow around the body compared with the configurations with

an angle of incidence of 0°, and 1t was believed that these inboard
sections would develop an additional 1ift without a penalty in drag.

Tt was anticipated, also, that a slight increase in 1lift would be realized
from the body itself. In this manner, higher values of (L/D)max were

expected for the configurations with an angle of incidence of -2° than
were obtained from the configurations with an angle of incldence of 0°.

Body

The unindented, original-body shape used as a basls of comparison
for the indented configurations is the same as the body used in refer-
ence 2. This body was obtained by cutting off the rear 21.2 percent of
a Sears-Haack body. (See ref. 12.) For the present tests this body



was made 35.3 inches long by extending the tsil end of the original body
3.6 inches rearward by using Sears-Haack body ordinates. The ordinates
for this 35.3-inch body, referred to as the tasic body, and the 31.7-inch
original body, are shown in table II. The ratio of basic-body maximum
frontal area to total wing planform area was 0.040, which places the
model in the category of present-day bombers.

The outer portion of the body was made cf detachable, wood impreg-
nated plastic so that any type of body shape in the region of the wing
could be investigated. In order to provide sufficient body cross section
to allow for 100-percent compensation of the average area of the wing for
Mach plane cuts at M = 1.2, the maximum diameter of the basic body was
increased from 3.212 to 3.296 inches. This unindented, slightly larger
diameter body, referred to as the modified boly, was indented axially
symmetrical to obtain relatively smooth area 3ilstributions at Mach numbers
of 1.0, 1.2, and 1.%. The contour for the M = 1.0 body was 95 percent
of the full indentation specified by the transonic area rule. This
limitation was imposed by the basic structure of the test model. Tt 1is
believed that the difference in results for a 95-percent and a 100-percent
M = 1.0 indentation would be small. This body will be referred to simply
as the M = 1.0 body. As is stated in refersnce 13 for radially sym-
metrical modifications, the area used for the approximate optimum inden-
tation for any particular supersonic Mach number is obtained by averaging
the frontal projection of wing areas cut by Mich planes at all angles of
roll & of the Mach planes with respect to tae configuration. For sym-
metrical models, only the average areas betwe=n 0° and 90° have to be
considered. For the present investigation, areas for 0°, 459, and 90°
were averaged by giving a weight of 1 to the J° and 90° cuts and a welght
of 2 to the 45° cut. Indentations for Mach numbers of 1.2 and 1.4 com-
pensated for the wing areas Iin full. The resilting area distributions
for the respective design Mach numbers were tiie same as the normal cross-
sectional area distribution of the modified body. The indentations used
removed about 20 percent of the volume of the basic body shape. Repre-
sentative axial distributions of cross-secticnal area for these configu-
rations are shown in figures 2, 3, 4, and 5 for roll angles 6 of OO,
459, and 90° at Mach numbers of 1.0, 1.2, and 1.k.

Another M = 1.4 indentation was develoned which will be referred
to as the M = 1.4 revised body. This indentation was developed from
a body that was shaped slightly different from the modified body, as
shown in figure 6, so that the effect of a type of partial M = 1.L
indentation in combination with the 45° sweptback wing could be investi-
gated. In particular, it was desired to deteimine whether the partial
indentation would improve the wave drag over « wide speed range, that
1s, at off-design Mach numbers, and at the sarie time maintain the improve-

ment in drag obtained by the regular indentation at its design Mach number.

The M = 1.4 revised indentation was approxirately 85 percent as deep
as the regular M = 1.4 body indentation. Ordinates for all the body

N0 OV



contours are given in table II. Errors between these design ordinates
and those obtained from measurements of the completed models were not
greater than 1 percent and in most cases were much less.

APPARATUS, MEASUREMENTS, AND ACCURACY

The investigation was conducted in the Langley 8-foot transonic
tunnel and the Langley 8-foot transonic pressure tunnel. In the former
facility, the slotted-test-section Mach number can be varied contin-
uously from about 0.2 to 1.14. All data presented from this tunnel are
essentially free of the effects of wall-reflected disturbances, except
where noted for a Mach number of 1.13. In the latter facility, nozzle
blocks were placed in the slots of the test section to produce a test
section in which the Mach number is 1.43. The design of these nozzle
blocks has been described in reference 1lk. The models mounted on an
internal strain-gage balance were sting supported in the usual manner
in the tunnels.

Lift, drag, and plitching moment were determined by means of the
internal strain-gage balance. The pitching moments were taken about
the 0.25 chord of the mean aerodynamic chord. The coefficients of these
forces and moments are estimated to be accurate within the following
limits: for C(Cp, #0.01; for CDO, #0.0005; and for Cp, *0.002. These

limits include the effect of possible errors in the measurements of
angle of attack. The force and moment results also have been adjusted
to the condition of stream static pressure on the base of the body.

Model angle of attack was measured by means of a fixed-pendulum
strain-gage unit mounted in the nose of the body. Angles of attack
are estimated to be accurate within +0.10°. An attempt was made to
maintain the models aserodynamically smooth throughout the Investigation.
Photographs of the wing mounted on the basic body are presented as
figure 7.

Transition was fixed across the span of the wing at 10 percent of
the chord. It consisted of a roughness strip approximately 0.10 inch
wide which was made by sprinkling carborundum grains on an adhesive
agent sprayed on the wing. The grain size, density, and application of
the strip were carefully controlled. Transition was fixed around the
body at 10 percent of the body length in the same manner used for the
wing. For all the wing-body combinations tested at Mach numbers from
0.80 to 1.43, a medium density (30 grains per inch) of No. 120 carbo-
rundum grain was used in the transition strip. Photographs of the
wing mounted on an indented body with transition fixed on both wing
and body are presented as figure 8.



TESTS

The following tests were made for a Mach number range from 0.80 to
1.13 in the Langley 8-foot transonic tunnel, and the average Reynolds

number varied from 2.56 X 106 to 2.90 X 106 based on a mean-aerodynamic-

chord length of 8.42 inches:

Wing angle Angle
Configuration of incidence, of attack, Transition
iy, deg o, deg
Original body . . . 0 Natural
Basic body . . . . . . 0 to 12 Natural
Modified body . . . . . 0| Natural
Wing with basic body . 0 -2 to approx. 6| Natural
Wing with modified body . 0 0 Natural
Wing with M = 1.0 body 0 -2 to approx. 6{ Natural
Wing with M = 1.2 body 0 -2 to approx. 6| Natural
Wing with M = 1.4 body 0 -2 to approx. 6| Natural
Wing with M = 1.4
revised body . . . . 0 -2 to approx. 6| Natural
Wing with M = 1.2 body -2 J to approx. 8| Natural
Wing with basic body 0 -2 to approx. 6 Fixed
Wing with M = 1.0 body 0 -2 to approx. 6 Fixed
Wing with M = 1.2 body 0 -2 to approx. 6 Fixed
Wing with M = 1.4 body 0 -2 to approx. 6 Fixed

The following tests were made at a Mach number of 1.43 in the
Langley 8-foot transonic pressure tunnel, anil the average Reynolds number

was 2.8% x 100 based on a mean-aerodynamic-ciord length of 8.42 inches:

Wing angle Angle
Configuration of 1ncidence, of attack, Transition
iy, deg a, deg
+
Basic body . . . . . 0 to 12{ Natural
Wing with basic body . o) -2 to 10| Natural
Wing with M = 1.0 body 0 -2 to approx. 11} Natural
Wing with M = 1.2 body 0 -2 to approx. 11 Natural
Wing with M = 1.4 body . 0 -2 to approx. 10} Natural
Wing with basic body . 0 -2 to approx. 11 Fixed
Wing with M = 1.0 body 0 -2 to approx. 11 Fixed
Wing with M = 1.2 body, 0] -2 to approx. 11 Fixed
Wing with M = 1.4 body . 0 -2 to approx. 10 Fixed
Wing with M = 1.4
revised body . . . . 0 -2 to approx. 11 Fixed
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RESULTS AND DISCUSSION

Bodies

Basic aerodynamic data.- The variations of 1lift, drag, and pitching-
moment coefficients with angle of attack for the basic body for the vari-
ous test Mach numbers are presented in figure 9. The coefficients are
based on a wing area of 1.408 square feet.

Drag characteristics.- The variation with Mach number of the drag
coefficient based on wing area at zero angle of attack for the three
bodies tested (original, basic, and modified) is presented in figure 10.
Between Mach numbers of 1.13 and 1.43, the curves are interpolated, since
test data were not obtained in this range. These data indicate that the
lowest level of drag coefficient at all Mach numbers was obtained for the
basic body. This was expected since this body had the highest fineness
ratio (11.0) of those tested. Very little difference between the drag
coefficlents for all the bodies was observed up to a Mach number of 1.03.
This difference was of the order of a drag coefficient of 0.0002 which
is within the accuracy of test measurements.

Of interest at M = 1.13 1is the difference in drag coefficlent
between the original and basic bodies. This difference (approximately
0.0006) indicates that the drag coefficient for the basic and modified
bodles is lower than should be expected on the basis of the drag coeffi-
clents at M = 1.0 and 1.03. A study of the tunnel-boundary-reflection
interference for these two bodies indicated that wave reflections were
impinging on the afterbody of the basic and modified bodies at a Mach
number of 1.13. This was a direct result of increasing the length of the
bodies from the original body length of 31.70 inches to the basic and
modified body length of 35.30 inches.

Systematic Series of Wing-Body Combinations

Basic aerodynamic data.- The variations with 1ift coefficlent of
angle of attack, drag coefficilent, and pitching-moment coefficlent for
the wing-body configurations investigated at Mach numbers from 0.80 to
1.43 are presented in figures 11 and 12. The coefficlents are based on
a wing area of 1.408 square feet. The symbol at the intersection of
the zero lines on these figures is for the purpose of Mach number
identification.

Drag characteristics.- The wing was investigated in combination with
the basic and modified bodies at an angle of attack of 0°. 1In figure 13,
i1t is shown that the modified body combination has a slightly higher drag
coefficient level (approximately 0.0003) as a result of its slightly lower
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fineness ratio. The drag coefficlents at M = 1.13 have been adjusted
upward by 0.0006 to allow for the tunnel-boundary-reflection interference
discussed previously. The zero-lift wave drag of the two combinations

is essentially the same over the Mach number range for which data are
avallable. Curves between Mach numbers of 1.13 and 1.43 are interpolated
since test points were not taken in this range.

The variation with Mach number of drag ccefficlent at 11ft coeffi-
cients of 0, 0.2, and 0.4 for the combilnations of the wing with the basic
body and bodies indented for Mach numbers of 1.0, 1.2, and 1.4 is pre-

sented in figure 14. The data have not been cdjusted for tunnel-boundary-

reflection interference. These drag coefficient results indicate that
the subsonic level of zero-lift drag coefficient for the basic body com-
bination was 0.009; body indentation was effective in reducing the zero-
1lift drag coefficients at Mach numbers above C.95; and these reductions
in zero-1lift drag, obtalned by indenting the tody for the various design
Mach numbers, were maintained at 1ift coefficients at least up to 0.4
throughout the test Mach number range.

In figure 15, all the zero-lift drag coefficlent data for the wing-
body combinations tested have been adjusted urward by an increment in
zero-lift drag coefficient of 0.0006 for tunnel boundary interference
at M =1.13. Also included in figure 15 are the zero-1lift drag coeffi-
cients which would have been obtained for the baslc body combination if
the size of the basic body had been decreased by a first-approximation
method to have the same volume as that of the indented bodies. In this
method the skin friction of the body was reduced in proportion to the
square root of the volume ratio. The wave drsg of the body was reduced
in proportion to the square of the volume ratio. The increment in drag
between the adjusted and unadjusted drag of tlre body was subtracted from
the drag of the wing-body comblnation to obtaln the drag coefficlent
which probably would have occurred if the basic body of the combination
had the same volume as the indented bodies. These data will be used as
the basis for the analysis of the zero-lift drag and wave-drag charac-
teristics in the remainder of this report. Tte variation with Mach num-
ber of the minimum drag coefficient for the verious combinations, as
shown in figure 16, is very similar to the zero-lift drag coefficient
variation. A value of 0.008 for the subsonic minimum drag coefficient
was obtalned for the baslc wing-body combination at a 1lift coefficient of
0.075 compared with a value of 0.009 for the zero-lift drag coefficient.
When the indentation design Mach number was clanged, the subsonlc value
of C increased approximately 0.0008.

Dmin

The experimental values of zero-lift wave-drag coefficient shown in
figure 17 were obtained from the difference between the zero-1lift drag
at any particular higher Mach number and the zero-lift drag at a Mach
number of 0.80 where the drag is due primarily to skin friction. These
values follow closely the area-rule concept 1ir that the lowest wave drag
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for the various combinations was obtained at or near the particular Mach
number for which the body of the combination was designed. The same
trend is exhibited by the theoretical values of zero-1ift wave-drag coef-
ficient (indicated by the symbols) calculated for the various combinations
by the method of reference 3. These theoretical wave-drag computations
d1d not evaluate the effect of camber of the test wing. The theoretical
values, however, are considered to be in good agreement with the experi-
mental results. The use of indentation in combination with the wing
accounted for reductions in zero-1lift wave drag ranging from 0.0058 at

a Mach number of 1.0 to 0.0028 at a Mach number of 1.43 when compared
with the basic body combination with the body volume adjusted to have

the same volume as the indented bodles. The percentage wave-drag reduc-
tions of the difference in zero-lift wave drag between the basic combi-
nation adjusted for volume and the baslc body alone are in the range from
75 percent at M = 1.0 to 43 percent at M = 1.43.

The maximum lift-drag ratio values shown in figure 18 for the basic
body combination compare favorably with those reported for a 60° sweptback
wing-body combination (ref. 2) also designed for obtaining high values
of (L/D)max and low wave-drag characteristics at transonic and super-

sonic speeds.

At a given supersonic speed the highest values of maximum lift-drag
ratio occurred at the Mach number for which the body indentations were
designed. These values of (L/D) .. ranged from 15.5 at M = 1.0 to

9.2 at M = 1.4t3. The percentage increase in (L/D)pay for the differ-

ent indentations was in the range from 35 percent at M = 1.0 to 8.2 per-
cent at M = 1.43. Even though data points were not taken between 1.13
and 1.43, it is believed that the interpolation of the curve between

these two points would not be a straight line but would be similar to

that shown in figure 18. It is reasonable, therefore, to expect that
(L/D)gax would have a value of approximately 13 at M = 1.2 which

amounts to a 20-percent increase over the value for the baslic body com-
bination. These improvements in (L/D)max were due primarily to decreases
in wave drag. The relative increase would have been slightly less if the
size of the basic body had been decreased to have the same volume as that
of the indented bodies. A complete airplane with empennage, external
stores, and protuberances will have maximum values of lift-drag ratio
somewhat below those measured for the wing-body combination.

The 1ift coefficlents at which (L/D)pax ©ccurred for the various

combinations varied from approximately 0.25 at M = 0.80 to about 0.3
at M = 1.03 and then to a value of the order of 0.23 at M = 1.43.
This variation indicates that (L/D)max was obtained at very nearly the
wing design 11ft coefficient.



A calculation of the skin-friction-drag coefficient by the method of
Van Driest (ref. 15) gives a value of 0.0096 for completely turbulent flow
at M = 0.8 for the basic body combination. When this value is compared
with the experimentally obtained CDmin valuz of 0.008 for the same basic

body combinations at M = 0.8 with natural transition, it appears that
at least partial laminar flow existed in the low 1lift range for this
configuration. The fact that the values of (L/D)max are of the order of

20 at subsonic speeds also suggests the possiosility of the existence of
some laminar flow over the wing and body.

These conslderations of the possible existence of laminar flow on
the configurations investigated with natural :ransition may lead to the
conclusion that the drag values for natural transition herein may not be
directly applicable to actual airplane configurations simililar to those
tested. Less extensive laminar boundary and ln most cases fully turbulent
flow exists on actual airplanes. In this connection, however, it should
be remembered that at the higher Reynolds numbers encountered in flight
the skin-friction-drag coefficient for the actual alrplane may approach
the values for natural transition obtained during the model tests in
the wind tunnel. The reduction in skin-frictlon drag associated with
the increase in Reynolds number that occurs i1 going from wind-tunnel -
test to flight is in the right direction to miike the drag results of the
present report approximately what would be exjected at flight conditions.

MO\O O\

Lift characteristics.- The lift-curve slope as shown in figure 19
for the basic, M =1.0, M=1.2, and M = 1.4 body combinations was
averaged for a lift-coefficient range of approximately -0.05 to 0.3. At
Mach numbers from 0.90 to 0.96 use of the various indentations reduced
the average lift-curve slope of the basic body by about 10 percent. At
supersonic speeds the slope was increased app:roximately 8 percent by the
indentations. In general, the most significant effect of changing inden-
tation design Mach number on the average lift--curve slopes was a decrease
in the slopes of the indented combinations at M = 1.0 as the design
Mach number was increased.

Pitching-moment characteristics.- An exarination of the variation
with 1ift coefficient of the pitching-moment coefficients for all config-
urations tested at all Mach numbers from 0.80 to 1.43, in figures 11(m)
to 11(p), indicates that the combinations were stable up to the highest
11ft coefficients of the investigation (of the order of 0.5). On the
basis of past experience with sweptback wings, it may be expected for the
wing of the present test that a region of rediced stability will be
encountered at higher 1ift coefficients up to high subsonic speeds. Tt
1s believed, however, that design features of the present wing reduce
the probability of severe pitch-up. For the basic-body combination,
the aerodynamic center, as may be computed frcm figure 20, moved rapidly
rearward from 40 percent of the mean aerodynanic chord at M = 0.90
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to 51 percent of the mean aerodynamic chord at M = 0.96. At Mach numbers
from 0.80 to 1.08, the aerodynamic centers for the indented combinations
were farther forward than those for the basic wing-body combination as
shown by the variation of aCm/BCL with Mach number in figure 20. Between

Mach numbers of 0.80 and 0.98, the aerodynamic centers moved rearward with
increase in indentation design Mach number but did not equal or exceed the
rearward travel for the basic wing-body comblnation. At supersonic speeds
the aerodynamic centers, in general, approached the same locations as for
the basic wing-body combination.

Angle of Incidence of -2°

Drag characteristics.- The variation of drag characteristics with
Mach number for 1ift coefficients of O, 0.2, and 0.4, as affected by a
change in wing angle of lncidence from 0° to -2° in combination with the
body indented for a Mach number of 1.2, is shown in figure 21. These
data indicate that the anticipated improvements in performance were not
obtained. The change in angle of incidence had an adverse effect on the
performance characteristics of the combination throughout the transonic
Mach number range. This adverse effect produced an increase in minlimum-
drag coefficlent (fig. 22) and zero-lift wave-drag coefficient (fig. 23)
and a decrease in the values of maximum lift-drag ratio (fig. 24).

Lift characteristics.- Changing the angle of incidence from O° to
-20 for the wing on the body indented for a Mach number of 1.2 resulted
in a decrease in average lift-curve slope of about 4 percent (as shown
in fig. 25) throughout the Mach number range for which data were available.

Pitching-moment characteristics.- As indicated in figure 26, neither
the stabllity characteristics nor the aerodynamic centers of the wing-
body combinations were seriously affected by changing wing incidence
angle from 0O° to -2°.

M = 1.4 Revised Body

The drag-coefficlent results for the wing in combination with the
M=1.4 and M =1l.4 revised bodies for 1lift coefficients of O, 0.2,
and O.4 are shown in figure 27. The effect of the revision to the
M = 1.4 body on the minimum drag coefficient, as shown in figure 28,
was small. The wave drag at off-design Mach numbers was not noticeably
improved. In the Mach number range (M = 0.80 to 1.13) for which com-
parable data are available, it is indicated in figure 29 that the revision
to the M = 1.4 1indentation resulted in a small increase in wave drag
at supersonic speeds comparable to the increase in cross-sectional area
between the M =1.4 and M = 1.4 revised bodles without adversely
affecting the wave drag at or near M = 1.0. The maximum cross-sectional
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area of the M = 1.4 revised body combination would be 5 percent greater
than for the regular M = 1.4 combination. (See fig. 6.) 1In the absence
of comparable data at M = l.h5, transition-Tixed data may be used to show
that at a Mach number of 1.43 the conclusion:;; would be the same as at a
Mach number of 1.13. The effects of the M : 1.4 revised body were small
on the maximum lift-drag ratio, the lift-curse slope, and the pitching-
moment-curve slope shown in figures 30, 31, and 32, respectively.

Transition

In the present investigation, it was desired to determine whether
turbulence at supersonic speeds, as produced by a fixed transition strip,
would change the effect of indentation on the wave-drag characteristics
of the sweptback-wing-—body combinations teszed.

WO O\ H

Drag characteristics.- The drag coefficients of the various wing-
body combinstions tested with and without trunsition are shown as &
function of Mach number in figure 33 for 1lif- coefficients of 0, 0.2,
and 0.4. The effect of fixed transition on ~he zero-l1lift wave-drag coef-
ficients of the various wing-body combinations is shown in figure 34 for
Mach numbers from 0.8 to 1.43. Except for the data at a Mach number of -
1.43, the results indicate that the changes 'ue to fixed transition were
small and, in general, were of the order of :ccuracy of the data. At a
Mach number of 1.43, however, the transition strip appeared to exert a
more or less noticeable influence on the inc:iementel zero-lift wave drag.

As shown in figure 34, adding transition to the basic body combina-
tion reduced the incremental zero-lift wave drag about 0.0015, whereas
for the M = 1.2 body combination it increaized the incremental zero-
1lift wave drag by about the same amount, 0.0015. The effects for the
M =10 and M =1.4 body combinations were within the accuracy of the
data. There is no apparent reason why the e ’fect of transition on the
basic body combination was different from thit on the M = 1.2 body
combination.

In reference 16 it is indicated that un ndented models and models
indented for a Mach number of 1.41 for an el_iptical wing and tested
with natural transition did not show the drsa;; reduction predicted by
theory. During the same investigation (ref. 16), in order to separate
the potential and viscous effects, transition-fixed tests were made.
These transition-fixed results showed that the experimental reduction
in wave drag brought about by the indentation agreed with that predicted
by theory. In the present investigation, there is no consistent improve-
ment in the agreement of experiment with theory between the models tested. -

Lift and pitching-moment characteristicii.- The effect on the 1lift-
curve slope and pitching-moment-curve slope of fixing transition was v
small throughout the test Mach number range, as shown in figures 35
and 36.
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CONCLUSIONS

The following conclusions have been made as a result of an investi-
gation to determine the effects of changing indentation design Mach num-
ber at transonic and moderate supersonic speeds on the aerodynamic char-
acteristics of a wing-body combination designed for high performance:

Systematic Series of Wing-Body Combinations

1. The experimental zero-lift wave-drag coefficient values followed
closely the area-rule concept in that the lowest zero-lift wave-drag
coefficient was obtained at or near the Mach number for which the body
of the combination was designed.

2. Theoretical values of zero-lift wave-drag coefficient for all
the wing-body combinations were considered to be in good agreement with
the experimental results.

3. At a given supersonic Mach number, the highest values of maximum
lift-drag ratio for the various combinations were obtained at or near
the specific Mach number for which the body of the combination was
tested. This was due primarily to decreases in the wave drag. At Mach
numbers of 1.0, 1.2, and 1.4, the maximum lift-drag ratios were 15.3,
13, and 9.2, respectively.

4. In general, the most significant effect of changing indentation
design Mach number on the lift-curve slopes occurred at a Mach number of
1.0 where the lift-curve slopes of the indented combinations decreased
as the indentation design Mach number increased.

5. All wing-body combinations exhibited linear stability character-
istics up to the highest 1lift coefficient of the investigation (Cp, = 0.5).

-2° Angle of Incidence

1. Changing the wing angle of incidence from 0° to -2° resulted in
an adverse effect on the performance characteristics for the wing in
combination with the body indented for a Mach number of 1.2 throughout
the transonic Mach number range. The effect of the change in wing angle
of incidence on the 1lift and moment characteristics was small; primarily,
the lift-curve slope was decreased slightly.
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M = 1.4 Revised Body
1. At supersonic speeds, a small increasz in zero-lift wave drag
comparable to the increase in cross-sectional area between the M = 1.4
and M = 1.4 revised bodies was obtained witaout an adverse effect on
the zero-lift wave drag at a Mach number of 1.0.

Transition

1. Consistent effects of fixing transition on the zero-lift wave-

drag characteristics through the Mach number range could not be obtained.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., September 28, 1355.
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1=86288

(a) Front gquarter.

L-86287

(b) Rear quarter.

Figure T.- Photographs of the h5o sweptback wing in combination with the
basic body mounted in the Langley 8-foot transonic tunnel.
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(a) Front quarter. L-86572

(b) Rear quarter. L'86573

Figure 8.- Photographs of the 45° sweptback wing in combination with an
indented body with transition fixed on both wing and body. Model is
mounted in the Langley 8-foot transonic tunnel.
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Figure 9.- Basic aerodynamic characteristics of the basic body.
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Figure 11.- Basic aerodynamic characteristics of the various wing-body

combinations with transition natural.



3h

(v)

8
M
6 _|-80
/ las
7
. ¥ /
.20
/ ,—(//9 143
N
: SC.
N s/
= : /
g %/;//// /4100
o~ M=0.80
oS N I N VA A VA WA VAP
S On=085 i Y4
EO,L-oglo “Z ///#//A/V/”|3
oot A AL
4277
M=0.96
Onln-locl A Ve
L1 VA
=~ 17
OT\=|.IZ’I>
Op=ia3 7
//
mENG
-2 o) .2 4 .6 .8
Lift coefficient,C_
a against Cp for M= 1.0 wing-body combination. i, = 0°.

Figure 11.- Continued.



/ > .43
2 /// //ﬁ////§33 ‘/g
AV

EZOWOSO | ///J// & —1.00
5 oA AA A A
‘é Or|w=o.9lo U/"/J//;:Z [////7 =
3 O|L=o.93 / /° A / /
) O!VFO.JG

oferoa '

O
=
L n
'o' :
L&

O

%;f/

-2 O 2 4 .6 .8
Lift coefficient,C_.

Lr—=r—
1} 1
ol

O
:b b
u._

Joiils
i

(¢) a against C;, for M = 1.2 wing-body combination. i, = 0°.

Figure 11.- Continued.



36

Angle of attack ,a,deg

-2 <
-2 O 2 4 6 .8
Lift coefficient,C_
(d) a against C; for M = 1.4 wing-bcdy combination. iy = 0°.

Figure 11.- Continued.



i /| 8o
// o |85
6
Y/
4 s
F 93
A T
> / /| / / /z .00
///) 4 _//,. .03
*:. ok o/;/ /a/// 113
E’OTAZZ UA*/ {/ ?] it
S 0
M=090 |O V ¥
:té Or!4=o.9|3 “/*/ ///V
Ov\la=o.9le ///
A
M=1.00
01!\/1=|.o|3 /L
Otlw=|.|3 4
R 0 2 4 8

a against Cy for M = 1.2 wing-body combination.
Dashed line indicates extrapolation of data.

Figure

Lift coefficient,C_

11.- Continued.

iw=—2.

37



38

Angle of attack ,a,deq

8 M
_|.80
6
/ /] .85
¥ '/ |eo
/ 93 .43
2 # 367‘
VVAVAY: +,
i | YA/ /z{ 100
'\[o.s? / / // // /N{////q 103
O 7 Y
OM 085 4 /;4/ /,?V 13
M'—O.9|O /
Oveoss | = 1 T/ /”
Ok:o.gle Vlﬁ/ / /7“ /
N /]
M=1.00
Ol‘ | )
M=|.03l /,/’\'
ZTLBI //‘7_,/——Transiﬁon fixed
M=1.43 )
s
_> {
-2 ) .2 q .6

Lift coefficient,C,_

iy = 0°.

Figure 11.- Continued.

(f) « against Ci, for M = 1.4 revised wing-body combination.




39

.06
M
.80
.04 //CJ
A/
.43
02 90~
cx\\\\__o_’//, ///;/ /;>f¢7zlnozi:
ff o ///// .00
5 ""zo's‘i — | /77 1103
O L
S Ov=o85 A p— YA
3 AN \ yan
o OWo50 = /v////
ES () - xr—’/’Jf//// /
M=0.93 T / ,5(
— )4
=TS S~ 4
oL L /M
M=1.00 . L
O 13 /
T=|.o3 T ——1
Oqu.ml T
J
Ol\r=l.43, J
. 0 2 4 6 8

Lift coefficient,C,

(g) Cp against Cy for basic wing-body combination. iy = 0°.

Figure 11.- Continued.



40

.06
M
.80
04 p
.85 %-43
/ /”
2 Yool
vy f
ol o7 | F /g3
Cf? 0 o d cr//////,)j/(///ﬁll 'E%ES
< “M=080 — —1.00
@ 0O o ,»0/ // /
l‘:_% M=0.85 == - /V .03
M=0.90 11 113,
E? () Azf’/)V// ,j!//
0O  ~M=0.93 v
O\io06 \ //“// 2
Oviro0 :&é} /732
| v
o) <
M=1.03 BN
OM=I.I3 !
Ov=ia3 T
-2 o) 2 4 6

Lift coefficienf, CL

(n) Cp against Cp for M = 1.0 wing-body combination. 1y = O°.

Figure 11.- Continued.



06
M
04 0 .80
| .43
/ |es
N
02 AL 90—
K= o o /):/ //Q } 93
S O = — ’D/ 4 / i
S ~M=080 // /%/I 00
E O = O\"'\v/ 7
G M085 //‘ﬁl 103
S Oy=os0 1 ‘/A// VA=
- 0 \—v—//‘/*/;// .
ot Pt
M=o.9els S 7 //V
OM=I.OO A v
o) Z
M=103 B¢
OM=|.|3
OV=as ¥
-2 O 2 4 6 .8

L1

Lift .coeff'iciem",CL

(i) Cp against Cp for M = 1.2 wing-body combination. iy = O°.

Figure 11.- Continued.



42

.06
M
.80
04 a
|85
y /r
.43
02 ,/ #£.90—5
O\‘\o//o//):( fA’}m.93
S | /(/ f 7&.96
£t Ow=080 an K /A 100
g g ol ] /// '
T M=0.85 17/ H1.03
8 b g /u
; OM:OQO ) /V// /W |’|3
S O\gss :i:’/y/ o7
=), = /Z{/
OM=O.96 A /
.
O w60 :¢/7
OM=|.03 V»\‘%/ )z]//
Om=113 W
Oveias W
-2 0 2 q .6

Lift‘coefficien%, CL

(j) CD against CL for M= 1.4 wing-body combination. iw = 0°.

Figure 11.- Continued.



k3

.06
M
.80
04 .
/' .85
02 7
90
LS) (o _"A/‘LT//////)j////§> 25
- ' 9
?E () |8 g ‘an//// //§{ //S S;ES
g o A
o o g ] )> *
8 Om=085 T A o3
o | A g A
5 O =09 4 7 /
OM=O.9|3 are /ﬁ’
l | — % 7/ 1.13
Om=0.96 P
o | /V/
M=1.00
Ov=ios 1
I ]
OIT=I.|3 !
-2 0 2 4 6 8

Lift coefficient,C_

(k) Cp against Cy, for M= 1.2 wing-body combination. iy = -2°.

Dashed line indicates extrapolation of data.

Figure 11.- Continued.



Drag coefficient, Cp,

06
M
.80
.04 /p
.85
Y,
;/ /j .43
02 7 ¥ 90 1
. 1S5 s
——O+— / / / .
~”74;r/// /;( jpﬂk//ﬂ-ﬁaes
Sl ,
O V=580 J’\u K ]
R ’0/ / /,> .00
Onmoss T t=——+1 //}’ﬂ .03
0 l) =S /A///Dj/
M:Og il § / '|3
OM-093 M "/?/;/ﬂ//
=0, D\.‘_‘D--// z.ﬁ
OnM=056 ~J1_ [T ///
OM=IOl IK{' /(f;)i
SITEIE R S S ition fi
) I +— ~—Transition fixed
OML=|.|3 T
Of,v1=|.43 rr
5 0 2 4 6 .8

Lift coefficient,C,

(1) Cp against Cp, for M= 1.4 revised wing-body combination.
iy = 0°.
W

Figure 11.- Continued.



04

On=o80 T

OML=0.85 Wi

Orxg-o 910 t\"\b

Ohll 0 9L “\\a\'\

o 1 NN ™| M
’T‘O'gT A \<>\ ™~d .80

Om=100 T\ N \‘D\

S0 NI | Tolss

90

93

|
O
re
y
Z2%
/

Pitching-moment coefficient, C,,
o O
SR 3
sl ol 8
oD
o
/!//, ///)/q//
// // (/
AN
o/ r

A
'
i

Q? 113
%

N
—16 S 143
-.20
=2 0 .2 4 6 .8
Lift coefficient,C,_
(m) Cm against Cj for basic wing-body combination. iy = 0°.

Figure 11.- Continued.

45



L6

\ .43

\\\\7 113

S Mio3

A

[N

N
NN
NN

NNR

0.80

.04

Om
0

B o o o B b
SIe e I (7 |5 |5
S S O D N O O
O o 0O O O o o < ©

Q Q

WA “Luai0134909 Juswow-buiydyig

-2

-.16

-20

Lift coefficient,C_

1y = 0°.

1.0 wing-body combination.

(n) Cp against C; for M

Figure 11.- Continued.



04
OM=O.80 1
oL |
o
O,T\T0.9<I> E\ g\
On=c.03 T el |\
B N (N N A L
€ M=09T \\Y>\\ fk\\ I~ 80
> Ogm ! T
RIS S
ig C)M';lg 2 ;\\\V \\\\\1\\ B
E OM-l.4L Ei \ \\ \\ 90
2 SR\ NN
g 93
§-.04 N \\\ \
a W\ \ 96
TN
~08 \7\\\\%\\>
\\\V\\\ql.oo
s NN 1.03
\\z\l.|3
—.16 \\
143
_.20 ‘
_2 0 2 4 6 8

(0) Cp sagainst Cp for M =1.2 wing

Lift coefficient,Cp

Figure 11.- Continued.

-body combination.

W7

1y = 0°.



80

S 93
X

\090
N
AN
N 926

N
\:*\\c»l.oo

X \0\ L\\u 85

<
NNA

iy = 0°,

N .43

\\ \1.03
'\\17 I3

Lift coefficiert,C,

MNANENN

=
AN

N
Ny

0.85
0.90
0.93
0.96

-

.04
M
Oy
M
On
Ofieo

L8

M=1.03

1.4 wing-body combination.

Figure 11.- Continued.

ONFII3
OM=I.43

< (e 0)
Q o
! i
0" wanyye00 wewow-Buiyoyiy

-.12
Cm against Cp for M

(p)



4K

(q)

.04
Om=0.80 ’
ol o)
M=0.85
) o |
M=0.90 *\ ~
o M
Om-0.93 ~N AN |
E OL | A \ N ~~o -80
O M=0.96 N Y o
EE C)L l 9&\\:\\x2 \{k\\ \‘{}
‘0 M=1.00 .85
% obm—lxp AN
S M=1.03 i )
t ok 4\, QV\ " |0
£ M=L13
g l\\\ \\\ \
€ 04 \\Q\\\} N \A 33
s K NN
a \\\ NN
\ N \\ V196
-08 P
\q \> .OO
\7 \<1 .03
-2 N
" 113
—187 5 0 2 4 6 .8
Lift coefficient,C,
Cp asgainst Cp, for M = 1.2 wing-body combination. iy = -2,

Dashed line indicates extrapolation of data.

Figure 11.- Continued.

49



50

(r)

04
O =080 T
o, oels o}
Mm=0.
O[ | o
M=0.90
N N
MO
0b—1 0\\\0\\\ <5 v
M-0.96
OL og L\'; \ o =
M=1. h h
S ol AN \‘\ \0\ "o |85
£ M=|.0T \ NN
2 O I~ \e\ o
5 . Jﬁ\ N .20
-  Owmra3 N\ N N
E \% ‘\\\K \‘A
: ANNNNE
_SL—£)4 NN \\ AN
.f-_’ B\ \ . v\\:
& N \\\ 96
-08 N
SN o0
\Q\\x 103
-2 A\\V 113
Transition fixed ——i:h
-6 X143
-.20

=2 0 .2 4 .6 .8
Lift coefficient,C_

Cp against C;, for M = 1.4 revised wing-body comtination.
iy = 0°.

Figure 11l.- Concluded.



51

80

85
4 p;
//z{/ 90 !J43

/] S
) %
/// : 96
£ opoas ) ///’/ //' /1;030
Sl L V4 s //A//
gokﬂ-osjo vl/f//} /B
;Or%=o.9i:*. “'/ /'/’ 4
Y V4% 0
Y L Ax T

_II_
¢ )
—O

K
<
N

Zmin.ml % i
M=1.43 //

oV

-.2 0 2 4 6 8
Lift coefficient,C_

(a) o against C;, for basic wing-body combination. iy = 0°.

Figure 12.~ Basic aerodynamic characteristics of the various wing-body
combinations with transition fixed.



52

(v)

8
M
.80
6 Vo
/3 .85
4 790

I .43

™

4100

NENERNS
8"

g{ OM=O 80 f ’////V
SO L VLAN Y o
NV OO i
; O||\,1=O.9|O //?//l//
2 Ym=093 |~
B OT‘M-09|6 . /"// ///

/

On|n=|.o3 i
Ol\[l.l31
Om=133
/
-2
=2 0 .2 4 .6 8
Lift coefficient,C
a against Cp, for M = 1.0 wing-body combinations. iy

Figure 12.- Continued.

0°.



8
M
6 .80
/.85
’
. / / 90
/
/ / 7 93143
> /// / v
NV e
F A g
g | N/ 4/
> OM=080 T a4
8 YM=0.85 T //V
E Oln 09|o UZ,/J //a/, -//I'O")
O =0.
< OL 1 / //V/% LIS
S “M=093 el ¢ 4
Olwoge V/
oA AL
T A
TI=I.O3 V/ //‘
On=im3 > /
Owias 7"”
Y
-2 <
-2 0 .2 4 6 .8
Lift coefficient,C_
(¢) o against C; for M = 1.2 wing-body combination. 1y = O~.

Dashed lines indicate extrapolation of data.

Figure 12.- Continued.

e}

55



8
M
A a0
/s
4 /7
/" /90
/ o
) V /% a3
EAas
18::0 4 ‘///);// / 1.00
5 ol A AL
E Oln-oglo _‘?/:é/;’/// /7 -
2 L/
g Ovos e
) O’n&zj; Y /: //
Of\%l;)!) “/’ ///’f/
N g7
:lw=|.oT
O3 A
Onln=|.43|s N 7
_2 o
-2 0] 2 4 .6 .8

Lift coefficient,C_

(d) « against C; for M= 1.4 wing-body combination. iy = 0°.

~ Figure 12.- Continued.



55

.06
M
.80
04 aa i
.85 /
ful
%0 /
02 it e
O\q/
5 e // IOCE)9 °
:} 0O Ol L — ,//}5 /2 )
S Y M=080 T ‘ 7/ /3
S 0 Ol / .03
‘s M=085 T /’/‘ 13
3 0 A\M//v,/ ////7 :
o “M=0.90
g 0 ' Z\\g_v? ///
M=0.93 / f
()| ‘Q\\“Wf 4&,,///// y
M=0.96 ,//
%
OM=|.OO l\kv/ ;//“
% -
OM=|.03 ]
O3 =+
OM=I.43 ‘
-2 O 2 4q 13} 8

Lift coefficien.'r, CL

(e) Cp against Cp for basic wing-body combination. iy = 0°.

Figure 12.- Continued.



56

.06
M
.80
.04 P
Aars
/
.43
.02 90 _ -
Q - —’///) 5/ Vo .
8) .96
£ Ov=o380 —= // ’/V
@ =0. A .00
£ 0 O // </j
@ M=0.8 .03
5 ol 7 — f?//j
S M=0.90 11,13
- 0 ‘k\\“-——§l”/// 4/////177////
M=0.93 [ A ’
M=0.96 ] | — d
Oneroo | /"
Onvos = /““/
=, ﬂ‘/
OM=I.I3 1
Ov=ra3 i
-2 O 2 4 O

Lift coefficien*,C_

(f) Cp against Cp for M = 1.0 wing-body combination.
D L

Figure 12.- Continued.

iy = 0°.




06
M
0 30
04 / 85| 1.43
.9()_93
o Py
S o~ o D//:/ ////;‘/
5 5 " A // B
2  “M=0.80 T /’ 4
§ OM=O.85 Obtr OL//A/,/{%\:{IOO
o )
5 Owos0 — // V 7
0L T A #1103
M=0.93 | = /y/, 13
Oirooe 5’\% N 7
O , — ’
M=100 % ] |~V
O e ,:/
M=1.03 T~
OM=I.I3 1
OM=I.43 5
-2 o) 2 4q 6 .8

Lift coefficient,C,_

(g) Cp against Cp for M = 1.2 wing-body combination. iy = 0°.
Dashed lines indicate extrapclation of data.

Figure 12.- Continued.

o7



58

.06
M
. 80
04 b
|85
1.43
.02 /J// 903
: 93
Nl R Vi L
g Y080 A /4100
2 Ol e SN ol .
R ] [ ]103
3 0o 09|o — /,//
M=0. h /’
g v\k\_v/ /1/ 13
QO OM=O 93 D\ /// .,/
Ovose T<¥—<—" /7
Ovmioo 71— %
Owios L~
O3 7
Ova3
-2 0O .2 4 .6

Lift coefficient,C_
(h) Cp against Cp, for M= 1.4 wing-body combination. iy = O°.

Figure 12.- Continued.



59

80
.85
20

\\:\\:\\;\b\\ \\i965
N

\ \x\\\
\\\\ A

Foult
W

NENEN
N

OM=O.80

04

iy = 0°.

AN[ZE

.03

NOE

4

2
Lift coefficient,C_

Figure 12.- Continued.

7
Gazan

Sl
A K A T

0.96

M

O O O O o < (00]
Q Q
|

WA 1uaIo1y}a00 juawow-buiydlid

-.l2
—. 16

-.20
(1) Cp against Cp for basic wing-body combination.



60

80
.85
90

1.0O

\ 143

<5
™~
~

A

N V|96

REE

A \7 LI3
A\

~

SNENERN

N

N

&\\

N

e

-
/
v
Val

=

0.80

04

Oy

l\[O.QIO
0

093

1.03
1.13
M=1.43

4
o

.
W' Juaioya0s uswow-buiysyiyg

©
Q
I

—.12

-.16

4

Lift coefficient, 2

2

-.20

1y = 0°.

Cm against Cy, for M = 1.0 wing-body combination.

(3)

Figure 12.- Continued.



Pitching-moment coefficient, C,,

(k) ¢

04
O M=0.80 T
Ovo85 W |
Or\l,1=o.9o m\‘\"\\
| N
Opss: &
jGaneSmSar
M=0.
O’ I N L\\\\\H .80
M<1.00 " \ “\\C 85
Owr.03 N
Oner3 D\ = AN
B ﬂ\ \ > .90
O3 \ hY
1\, AN
N T 93
~04
\s\\\ '\ 96
o8 \‘7\ \\qI.OO
\\\7 .03
1 \; 13
N

61

-20

-2 0 2 4 .6
Lift coefficient,C|_

nm @against C; for M = 1.2 wing-body combination.

Dashed lines indicate extrapolation of data.

Figure 12.- Continued.



62

04

W9 uainyya0o Juawow-buryoyy

-.12

@
2
=| [2]8] 8] 8|8 gz | 7| |
N -
AEDAVELVESYaan]
AN NVIA VAAAA
y \\ AN .
NN N AL
| “ux\\\ 7
& b I .
Yavavs %
mLm MiwLMLMLMlMLW r
O O O O 0O o 0O o ©o < © ©
o Qo I_

-.20

Lift coefficient,C,_

- O
iy = 0°.

Cm against Cp for M = 1.4 wing-body combination.

(1)

Figure 12.- Concluded.



63

‘o0 = P °S3TPOQ PIATJTPOW PUB OTSBQ UITM
TOTYBUTqWOD UT Jurm Yorqidoms oGt JO sOT3sTIs30BIBYD Bea] -*¢(T 2In3TJd

W Jaquinu Yooy

Gl id ¢l a2l I'l Ol 8 0
| I - i
T pajbjodiaju| v“
00
un.\..ﬂw 800
o0=D
95
payjlpoN O — — — — 210
aisog O
uoijouiqwod Apog-buim \
| m 910
- _////QM
020




aQn

06
05 //
L] ,,//
/ e
//7 - ///
.04 / //“/’f/////
— - A
/ iadil Wing-bod binati
03 — // 4 ___|Wing-body combination
22 16 — Basic
I M=1.0
02 ] — M=12
C 04 —_——— M=4
o
o ol L
o
o 03
..E‘O)—) N L —
| — 1 —
S o2l — —— [
- /) P gyl =T
A //
Ol =7
CL—O.Z
0
.02
T o
/ e e e e e e
Ol el 2™
C =0
-Interpolated >
O L | 1

.8 9 10 L1 e 1.3 1.4 1.5
Mach number, M

Figure 1k.- Drag characteristics of 45° sweptback wing in combination
with basic and indented bodies. C;, = 0, 0.2, and 0.k,



oK

65

UOT3BUTQWOD UT JuTm Novqidsms Gk JO SOT}STJIS30BIEUD FBI] - (T o2In3Tg

W 19quinu Yoo

0 =T

*30UaIDIISZUT
UOT3O9TIa ATepunoq Tsuumy JOJ Paisnlpe s3Tpoq DPIIUSPUT pUE DTSBQ UYITM

800

210’

910’

020

gl 4l ¢l al Il Ol 6 g8
] |
T pajpjodiaju| - — -
P dime
)i
/
Y/
e = B Sl T s g
el /1( \<
T T =1
+
2=\
O1=
(swnjon oy paysnipo)oisog — — — — —
o1sog

1240)

uolbuiqwod Apog-buip



66

028 Wing-body combination
' — Basic
————— Basic(adjusted for volumey
— -— — M=10
024 — — mfllg
020
e e
Drvin ] AT T B
012 At
/
08— —==F—
004
0 .8 S 1O LI 1.2 1.3 1.4 15

Mach number, M

4
“Lep, 2
min ‘-«— —+ Interpolated >
l@\"—'g‘;: —4 .
O 1 - —3+-27T =]

i e

B ) .0 X L2 1.3 4 15

Mach nuriber, M

Figure 16.- Minimum-drag characteristics and 1ift coefficient for minimum

drag of 45° sweptback wing in combination with basic and indented
bodies.



Wing-body combination
Theoretical

Experimental

————— Basic
012 ——— M=1.0
— — M=1.2
— —— M=1.4

O
0

<
A

— — — —— Basic (adjusted for volume)

67

010

UC? Q0 \\\‘ T [ 1
; /
5 A 7N
'}(/
;EZ):’ 006 / '/1 \\\ L )
: ga s \\\-1¥:;' - —
o L /A
g / \//\b”/ o T
o =1 |
5 004 // ,/ g
% /!1
- / f -— Basic body
002 / / i — S d
Vil T
0] —k _f_____,_,.,// 1< |nfelfpolc}ted >
.8 9 1.0 .1 |.2 1.3 1.4 1.5

Mach number M

Figure 17.- Wave-drag characteristics of basic body and 45° sweptback

wing in combination with basic and indented bodies.
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Figure 18.- Maximum lift-drag ratio characteristics and 1ift coefficient
for maximum lift-drag ratio for 45° sweptback wing in combination
with basic and indented bodies.
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Figure 19.- Average lift-curve-slope characteristics of the 45° swept-
back wing in combination with the basic and indented bodies.
Cy, = -0.05 to 0.3.
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Figure 20.- Stability characteristics of the 450 sweptback wing in
combination with the basic and indented bodies. Cy, = -0.05 to 0.3.
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Figure 22.- Minimum drag characteristics and 1ift coefficient for
minimum drag of 45° sweptback wing in combination with M = 1.2 body.
iy = 0° and -2°.
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Figure 24.- Maximum lift-drag ratio characteristics and lift coefficient
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M = 1.2 body. iy = 0° and -2°.
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Figure 25.- Average lift-curve-slope characteristics of the 45° swept-

back wing in combination with the M = 1.2 body. iw = 0° and -2°;
Cy, = -0.05 to 0.3.
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Figure 26.- Stability characteristics of the l-50 sweptback wing in com-
bination with the M = 1.2 body. iy = 0° and -20; Cy, = -0.05 to 0.3.
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Figure 28.- Minimum drag characteristics aad 11ift coefficient for
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and M = 1.4 revised bodies.
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Figure 30.- Maxlmum lift-drag ratio characteristics and 1ift coefficient
for maximum lift-drag ratio for U45° sweptback wing in combination with
M=1.% and M= 1.4 revised bodies.
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Figure 31.- Average lift-curve-slope characteristics of the 450 swept-
back wing in combination with the M = 1.4 and M = 1.4 revised
bodies. Cp, = -0.05 to 0.3.
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Figure 32.- Stability characteristics of the 450 sweptback wing in
combination with M = 1.4 and M = 1.4 revised bodies. Cf = -0.05

to 0.3.
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Figure 33.- Drag characteristics of 45° sweptback wing in combination
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Figure 35.- Average lift-curve-slope characteristics of the h5° swept -

back wing in combination with the basic and indented bodies with
natural transition and fixed transition on the wing and bodiles.

¢y, = -0.05 to 0.3.
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Figure 36.- Stability characteristics of the 45° sweptback wing in
combination with the basic and indented bodies with transition
natural and fixed on the wing and bodies. CL = -0.05 to 0.3.
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